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[ASM] 

^^1, ^«fl ^Dj-s- ^ol^* ^Sfl^ofl #ZLJI, ^H^H^ 3^6] ^<y-# o] 

7H>JL, ^ £^ ^ ^-Jfofl «- ^€ sl^lfe 

3 °J7^H ^afl-S^* &n «S">^k ^7H, cf^sl «- ^q-^ riJ3(mesh) 

£ 5 

«K£*I1 i^V^ ^afl^l, ^*fl ^Kelectropolishing), »H| 4* (mesh) , ^ , 
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tiVlE^l #tfl ^ ^ ^{Apparatus and Method For 

Electropol ishing Metal On Semiconductor Devices} 
-Ml 

51 5 ^ £ 6^ #51*11 ^> ^afl^#^ <£n> 7fl ^ ^T$i£ $o) 

^. 

<51^ ^JS. Jj^ofl ^tb ^-iS] ^> 

100 : ^|<>1^ ^ 110 : 

120 : 130 : ^^^^ 

150, 152, 154 : -*f 160 : t ^ 

170, 172, 174, 176 : #$1 
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<9> ^ ±7\ ^Wfl^f^ ^ ^ ^t*V ^0 S> 

^l^(mesh) EHJsJ °l-g-€H ^r«ti^f^ ^^#-8: 

#7}s}- ^fpSS. ^7>ofl ^tV «a^BS.n>olzLxSflol^(eiectromigration) ^ €-*H$°l 
<n> ^3 ^ Hl^*J-(3-Wcm)# 7W^a^ 7 y^.^o] %.o]Q ^-^l^l H fl 

<i2> ^ f^HJE ^e|^r «1*1*8-°1 1.67/WcmB ^JL ^^H^Hzl^o]^ ^^5. 

<13> *8^*Hr wj-^^-^-^ #37l^aKPhysical Vapor Deposition; PVD) , 

^-^^•(Chemical Vapor Deposition; CVD) , ^^sflB^Celectroless) , ^7l£^- 
(electroplating) « 0 >^oj ^0.14, b]-^ ^ ofl^o) #E|7l-*M^ 
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(PVD) *&^<L£. ¥3 ^(seed)* ^ ^H^lhli _o S ¥*M» €-^#<Hl 

<14> ci ^l^o.^., -f-^-o} cfp>Al (damascene) ^^H, SjH^ ^ofl ^^g- *§^tr jp. 
sfl^^(patterning)-i- €*Rr B€*l (trench) ^~§- ^tr4. °1 ^ 

^€ *K£*ll «fl^i ^-f^r ^7lJE^- 

(electroplating) ^$°] ^ a\-%-5\JL $X^. °H ^7)£^-^^-^ -8-^3 ^ °l£r 
^ ^fl*H ^fr7> Jl» ^ #51^* IIS *>7l nfl^l, l"2l7l^^ 

(PVD) f-^ ¥3 *l^(seed layer)!- ^ ^7|£^-^^^ °l-8-*H ¥3 
1- #7) m^l^l HL^r ^HL>4. 

(Chemical Mechanical Polishing; CMP)^- °]-§-^:Cf. °1<H>H fi^H ^#^1 ^r u o v *l^bi: 

^171^1-71 S)f% ^|| 2*r 71^1^ <£p>^ (CMP)# ^«8*H ^#3*1 wfl^d ¥21 € 

<«>*#S] 7l7fl^ ^n)-^(CMP)^ <>l-g-*}cx} oj:cq ^Hfl^-fr <£v}is}7) Jfl*JH 

^ *i*m- -a^r-n. ^ ^s.*H, aitii-§-^ ^s^7>i- ^efltr 

¥21- ¥ 91SLZL3. tiVlE^ll ^*r^ ^^ti^^ai- ^^*>7l ^Sfl A]7_V4 til-g-o] 

<17> oje^ «fl^Sl-7l fl*^ #71 1*V 7l?fl^ <3*}^(CMP)# #*fl 

(electropolishing) <M*}"b <S¥7> ^HS^&tk *i*fl <3*r 
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*3<M #^§- *ll7l*Kr o] ^ 

^*<HH ^-2.*}" ^ %]°]*\ ^1^^ 3H4. 

<18> O.^. ^ <£v\ ^o. <%]o)v\6\] ^^2] ol7>S>Jl ^Hsjs}- ol^tb 

p>7> ^<>i\+cf. zieiuh ^sfl <^p>a1 $]}o)3\ ^(edgeHH <?l7> 

*>-B5. n °1 ^ <«(edge)^ ^^i^r ^7}*}^ $fl o] ^]Ei (center HH^ ^ 

^SL7} H711 #^>o} %]o}tf ofl^l^ ^ojsl ^o^o) <£ D> ^ U-o}o^ ^e)^ 

«ViE^ ^#°) ^^M) ^3*1 ^^-^^ Al^lo] ^ 

<19> ^ ^ 7] ^6\] £ lofl iEAl^ ^-ol ^e)Hfl^ ^^*cHH ilHm 

^o]3i) ifl^ -^11 ^^ofl ^o]^ ^el^o] Cfl- ^ 7># ^ ^f- 

*fl^ ^7^ ^ <&±r <>1 tlt^. 

<20> ^ «V^^. ^. 7 ]^. ^gjj ^ o^j. ^ojj cq^ ^ o. ^ ^HflAl 

*fl ^<HH ^ ^4 ^71 ^ ^ -tfJf°fl tifl^l^ Cf^^) ^- # 

^r-g-^ri ^3-2.3. ^7] «- oil -1 ( mes h) Af-g-^cf. 

^ °1 -g-^fl -g-°l*>7ll ^o^ ^sfl <S^> ^r^tb ^15. 
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#wfl-td#^ ^ <g D |. h o >^^ > ggq o^u>l- <H*fl 31 o] th] # ^tfl^ofl ^zl^ #31; #7l 

^H^Hl o] 7 >^ #31; ^ ^71 ^Sfl^ tflofl W|]^5]ZL, ^ # 

7l ^ ^ #^1 «fl^m ^ ^1^5. *i^M| o] 7 >^ 

<22> M. $-ig<q ^ ^A}^ofl n}^ a_V£^ ^ ^wfl^#<^ <3u> #*1^, $Ms] 

^n>^^ iflofl #71 ^IH^I- -B-^Al7lJl ^^1^71^ %)0)V\ #71 ^Sfl^ iflofl 

tifl^lslJi, ^ ^^-jq- #71 ^ #^ofl afl^^ tf-o, «. ^oj- ^ 

^"71 3H2M1 ^^21 ol7>^>JI #71 Cf^Sl ^ofl JjL^o] ol 7 >sVfe 

<23>Aj- 7l ^Aj^S-cHl^ «>^-^^V^m, #71 #71 ^ ^ofl <?]7}^ ^, #7l 

Cf-o^ JjL ^ofl o]7l-^Cf. #71 ^ ^ofl o] 7 |.^^ j=L^.# ^ ^ 

^ ^>7l C^S] Jf #^o)} tflsfl O.S <?]7>S]Cl-. 

<24> £ ^r, #71 #71 ^ ^ ^ #71 #^Ml cfl«H ^Ajofl o]7l-€ ^ & 

Cf. H}BJ-*] T^l^r, #71 ^ofl o} 7 }S)^ ^-^2) #7l Cf^o) j=L ^^-oll cfl 

<25> #7] ^ ^ff-H^M- *i 0 J-t- 4^-31 *H ^V^TT <#^r S^Rr ^O] 
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<26>^7l °11 4=1 (mesh) E}^ iE^r ^ ^EflS. <>l^r 3 

<27>£. ^tgo} ^Al^^-ojl ^^H^r, ^71 ^i^-ofl <y^tb 4 V 7l ?flols] ^r^f^l 

o]7>l- ^*l*Rr ^o] al-^3ig>cf. 

<28>C^ ti^^^Tll^, #7l #<£^ ol7>» ^*l*Rr #7flir #7l JjL ^4 #7l 

3]o]3Jj Afojofl JrSi^ Aj-71 Jf £^ofl o]^*V Aj-7l ^ols] ^o] ^ 

#aflAj^^ 4 V 7l o]7># ^ltt 

<29> #7l <y^(H 3 P0 4 )* ifsfr ?H w>^^. 

<32> £ 2 ^ JE 4^r ^S^l ^> ^W^^ ^ <£v}is}±r ^t\7] ^ *V ^ 

<33> £ 21- t2^, ^0131(10)^ W>^-3ls>7fl^ ^Sl^-i- aSl4, «V£*ll 4:71- 

^ oHl o^m-olH.(GaAs) ^-4 ^ ^ 91^. 

<34>^ 7 ] $)lol3l(10) ^-ofl ^^(20)* #7) *3<S#(20)£r t^^Ml^ ^3 

€■ ^^(Si0 2 ), #3*1 (polymer) S^r -^l^^l^hydro-gen- 
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silsesquioxane; HSQ) ^4 -ff-^I^K^} 1^3^-5. *\$-# 

^ *I|S.# -^>-8-*>^ <£*1 ^ell^l (RC delay)7V #<H*<H ^ ojzj^ ^ 7 ]^ ^ 
#7] ^<?1^(20)^: 3fr«J- 7l# -^(Chemical Vapor Deposition; CVD) , ^ -fr 
7] s}-^- 71 # f^KMetal Organic CVD; MOCVD), #e| 7]# ^(Physical Vapor 
Deposition; PVD), ^^(evaporation), ditf £)3 (Sputtering) ^ 
^ °l-§-*H *IM*| (10)#-M -r 
<35>^-7l ^<3§K20)o| ^]ol3l(io) -tf-^1 ^ofl, ^ ti fl^*(40)^- 

cf^Rl (Damascene )-^* °l-g-^: ^ 5Utf. (damascene) ^^H, 3Ms| 

(10) 3H) ^<S#(20)* ^^*V ^ sfl €^ (patterning)^: ^*Rr S3] *1 (trench) 

iEfe- €rmr °) ^ ^ti)]^(40)<Sl ^<£#(20) vflS.^ «o V *l*r7l 

^ity Sf^«>M ^(30)^8: ^trtf. ol^f ^-o] ti> £ ^ ^yfl^ ^ 

^11-f ^ ^7l ^(electroplating) ^e) A>-g-slji oirf. 

<36>^-7l ^^1^(30)^: #3 7l^ ^^-(PVD), W 7l# f^(CVD) ^4 Jf->££] ^ 

^-§- °l-§-^ ^"£#(20) #^°fl ^ olcf. ^ ^ofl^ Aj-71 ^« o M^(30) 

<37>£. Mj-tgo} ^AHoflAi, ^«ll^^(40)^r wf ^711 5L^-tr4. ofBl-^, ^yfl 

^(40)°1 ^^1^(30)^1 tf^ofl ^Bfl ^#(40)^.5.^- ^^#(20)^.5. 

3°) h>^*M1^>, ^#(40)^ ^eH^sl ^£^1 ^lls^ls 3-g-€ *r 9X 

cf. ^-71-^^5., ^Bfl^(40)£- 1998H1 12*1 11H '^M 71^-^ f^Sj- 
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a o v ^ ^ (METHOD AND APPARATUS FOR ELECTRO- CHEMICAL MECHANICAL DEPOSITION) ' 

°l2Hr tJ]^- ^-s. s.^ US61769924H ^7] 51^- °l-g-S}o} 

<38> ^7lJE^^ -§-^vfl^ ^b] ol-^oj ^s 7> ^ oi^ #5L^ ^ 

AS ^>7l nfl-g-ofl, #^7l>S-^2j-^(PVD) ^71^2}-^ (CVD) -f-^ ^ a] 

^#(seed layer S>-g-)^g- ^ ^lS^g-^ ol-§-^ ^e)^. H 

<39>£ 3^11 JE^m W >sq- ^-ci, ^sfl cgp]. o]^}^ s$ 7 ] SH> U <M ^(30)^1 ai gol 

<40> olo1^ ( £. 4 ofl _£Al^ ^-o], ^-71 ^£#(20)* #7l *l*fl 

^ ^Ml S.^} ^^1^(30) ^ ^wfl^l#(40)-i: 71^1^ 

(CMP) ^-§- <>l-g-*H ^71^, 3)^91 i&ESfl ib7>^ ^«fl^ol 

<41> i 5 ^ £ 6^r a>£^ 4l7> ^-^UflAi^o) ^ <g v} ^ o) 7flB^^ ^. 

(110), ^"71 ^Wfl^f^g- <£u}*}7l ^*M(120), #7] ^ o] 5*| (110)2)- #7l ^«fl^ 

(120)-i- ^-g-«Hr <3*r^«Kl30) i-H] ^7l 3*1 (110)* -ff*H 7}JL ^H?]^ ^)o] 

*\ 3(100), ^7] #sM(120) tflofl wfl^l^JL ^7] $])o^ (H0)# *l*fl o^p>^>£S- 4V7I 
^i«fl^(120)ofl #<?M- <?l7|-^ ^ ^(160)2]- cf^o| ^^(150, 152, 154)JL5. ^ 
^€ ^ #7] 31 ol s) (no HI ^oj-o. o^^jt. ^7} cf^o] J^L 150, 
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152, 154 W *i<y-* oi7>«>^ #€(170, 172, 174, 176)1- i^W. 

21 ^ AH ofl^, #^(120)^: ^^(S-AlSJ-^l -f-*fl <gn>^^ 

(130)5. -fH^ ^ 3^*MI #^-(£Al^] &*)# ^ «o V #^4. 

<43> c^ 7 }X\ t # 7 ] #^-£- Aj-71 ^ #^(160)4 &*)«- A>olofl -J! Aj. 7 ]^ 

^ #^-(160) Aj-JjLofl tifl^l^ c^s] «- #-==-(150, 152, 154) ^.S. ^3^, 

^X\*\)7} *fl 7 fl£l ^- #^-(150, 152, 154)* ^ , M] 7fl^cf ^^u)- ^7^u)- ±^ 

<44> o] 7 > ^03.(170, 172, 174, 176)£r ^it(DC) S.H.°1M ^ ojcf. Ajiaa 

917} ##(170, 172, 174, 176)^: ^ H-S-^-H ^€ ^ 91^. <#7) 

€^ ##4 a-^tt #*)) ##^t ^ SU4. 

<45> OjtiV^ O.S., #-ff ^.S.^ #^ Oj^o] $H3t|(110)3.JfEi 01^5^ 

4. 44*1, <?!4 #it ^£7} ^o.^ £*^M?, #*fl <344 #51^ ?1#4. 
t^o] ^AlofloflAl, 10 nA/orf ofl >H 4 60 mA/cnf^ ^^-^£7]- o)^ $(4. 
<46> <£v} <34#ff-^JE.-I- ^-Tfl ^tf7} o*4§ ^^A]^^^ ^-S #it 1 S£« 

Al^ ^£ &t}. 

<47>Aj-7l cf^o^ h. ^^-(150, 152, 154)4 Aj-71 ^ #^-(160H ^-£4 ##(170, 172, 
174, 176)* ^AHl oi7>« ^ 5U4. 4fM*Mlfe, Aj-71 ^ #^-(160Hl ##(176)* 
ol7>t!- Aj-71 4^r4 -T- #^(150, 152, 154H ##(170, 172, 174)* #7Ht4. 4 
4^4 Aj-71 -T- #^"(150, 152, 154)^1 ##(170, 172, 174)* ^] 
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7}^. 41* *<H, 3-*} -g-^A^o] -^7]- =^o. ^ o. ^ ^ 

(160)41 #^(176)* 3=^3. ^pftVcf. ojo^, ^AioH $1*1$ ^ 

(154)^ ##(174)* «]7>§H #*fl ^^>* ^^*>J1 M-^ <a^*> ^- 

(152)5*1- <2j«H| sj\S\Q. «- ^^-(150)41 ^7>tbT=l-. ^3-2-3., ^-7131 

^ sq^-ofl ^^lt!: 3^(150)-^ <3*4» ^}?]^ ol^tb 

Y ^^-(152)4 #^ofl ^^^j- j=l ^(154 HI ##-8: ol7>§ ^ ^cf. 

^"41 3*1$ J=L ^oj-^- o]7>^ ^o> ^#JM 3l^r < ?]7>*>^ 

5tU, llofl 4^ ^ ol^ ^£ olcf. 
<49> £E l} = « 0 V^ O.S^ f^^M ^ ^^-ofl «- ^Jff-Uf ^oj-o. 

<50> ^3 #*fl^(120)£- °]# ^--4 ^ -f-^o] £ ^-oflo. i ^ t f i ^5fl^(120) 

si ^£sf 2 #£. *3 -§--g-4l n}e)- ^ ^icf. 
<5i> #71 4^S] ^(150, 152, 154, 160)£r ^sl* ^ ^^ti^ 

(40)^^fEi = ^q-( 150( 152> 154> 160)0.5. o]^^ 

^ ^7l£^-o! ^ - oicf. 
<52>£ 641 JEAjsl ^-ol, #71 ^ #^-(150, 152, 154)^8: 4l3(mesh) e}<^ ^ 

€ ^ 91^. °1 ^11^51(110)^ -*f ^^-(150, 152, 154) A>olofl 

^^M(120)ol ^«*1 -H-^-^- ^ 31*1 #71 cf^o} j=l ^^-(150, 152, 154)£: & 

^ ^Efljg. ^^-§- ^11- ^ ^i«^o. s . ) #7] cf^O) «. ^^-(150, 
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152, 154)^- *i$\7} ^ A>z^^3|. z>^ cf^ojTlM- ^Efl 

<53>£ 41- #7] *r ^(150, 152, 154)^1 *l^tb 3H3j(110) 

* ^wfl^f-(40)ol g*q <>| -S-71 -g-#»fl4i#(40)£) *>^Lofl <^j*V SH*^*]^ 

(30)31 ^#s}tt ^-f <?l7} ^^"(170, 172, 174)* ^^l^cf. o]^ ^-o] , zj-zj- 

3 917} ##(170, 172, 174)* ##*Rr #7jl^r #7l ^ #^(150, 152, 154)4 

#7] o] 3) (no) A}o]ofl * A^^q. ^. 7 ] z^o] «_ ^^-(150, 152, 

154)41 ^l^tb -8-71 ^-#Bfl*IfK40)^ ^-^IM- ^a}** £3^=h 

<54> av^o] ^|o-|s) ^(100)£r #7] ##(170, 172, 174, 176) ©1 °l7>€ «fl , #7l ^o]^ 
(110)1- 3^l7l7ii4 ^3g«j-^0. S #^A]fJcf. o] ^^. f H>^-Z]^>711^ ^7) %}o)v] 
(HO)* S^l^l^ ^w o V%VOS ##AlfJ4. $M*I (110)^1 5)^-4 TlS-O.^ 
#*M(120H ^lol3E) (HO)ofl 5^^711 ^ ^711 #*fl ^^V7> ^-«a*>7fl <g<H 

^ «r 5514. -^HHH, 30 rpm°1M 100 rpm 31 o] 3} o| ^ 

<55> ol#, M. ^ o. taj-^zl ^Al^l- ^oMl^Tfl -M^^^M-, £ #7) 

^Alofldfl *v^3*l 7)<£^ A}^ tg^ ^ofl^ ^ -f-^ 
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-*^«r 4€- ^*fl <3*> ^^Hl ^V^, ^IH^I $H ^€ 
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[^T 1 * 1] 

^71 Bfl^l^^l, ^ a o V 7 ) ^ ^ AVHo|] afl^^ Cf^o] w. ^oj- 

[^T 1 * 2] 

S-^O.^ ^ tiV £ ^] ^> ^Bfl^^ ^sfl Wjog. 

[3^8" 3] 

3^ 3* ^ «l£^l 4i7>f ^tiflA^o} #*ti 

*fl l*oHl &°H, 

^-S. SRr «>-£^ 417.]- ^ti^f^ ^sfl o^j. 
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5] 

6] 

^T^SLsL f>\±r ^4ftifl*I#^ ^ ^n> wj-^ . 

s£ 7 ) 4^0} jjl ^^-o. nil ^ (mesh) *fe te*H ^ufl^ 

^ ***n <s*> i^. 

8] 

^«l)^fSl «o V ^. 
9] 

^ ^HMl *KHM^ S^ol ^#5^ ^-f ^-71 -*jL^ ol7>» 3*1 
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10] 

A o V 7l ol7>» ^*l*Hr ^lfe ^"71 ^o}5J] A>ol 6\] Jr 5-|- 

^frfr A o v 7l oi7>» ^^1^ 3}^ s.^O! ^ aV£^l ^> 

^«fl^i#^ #*fl <gp> « 0 v^. 

11] 

^-71 ol7># ^*l*Kr ^Tfl^ ^>7l ^ ^ofl #7l 31 o] 3} ^ ^ 

tiVs^j ±4 ^r«ti#f^ ^n> « 0 >^. 

12] 

#71 ^oj-o] o]7|-^ ^^]§>^ c^lfe ^-71 ^- ^^-ofl c]^*V #71 $IM ^ <^ #tiV 

A >#^T ^8*H ^71 o]7>^- 3*1 *Rr ^ S^O £ ^ tij-H^l 

^afl^^si ;£*fl <£n> « 0 >^. 

13] 
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^ . 
i^^lt 14] 

*ll 1%H1 SU^H, 

a>£^] 4i^> ^-^yfl^i^^ ^gfl <£u> HVrt _ 
15] 

*ll 14%H1 5^1, 

* ^ «V£^1 ^> ^r^-id^ . 

16] 

#<H1 <£*}*}7) ^sfl^; 

^"71 ?|o]3]^ #71 ^Sfl^ ^-g-^ ^n>^U] ^ofl # 7 ] ^olHll- ^Al7lJl $1*1 
*1 7l^r ^o}3s| 3; 

#71 ^flU MH1 aii^siji, ^ ^^-4 #71 ^ #^-oil yfl^ls} 4^0) j=L ^CLg. 

#71 3M*M ^<y-# ^l7H>Jl #71 cf^Sl ^ofl «-^5l <?}7l-*Hfr 

itsfe ^-£^1 4i7f ^WU^}^ ^ o^p> 
17] 

^ 16^1 SZ^Ai, 
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^JlS. *K£31 ^Hfl^^ *}sfl <gn> 

[^T 1 * 18] 

*ll 17^1 sa^H'H, 

^71 ^ <*]7}E)*r ^^9] #7} Jf ^ofl cflsfl £*>3 JLsL ^7> 

=m 3* ^8-2-5. *>fe tiVH^fl ^^wfl^#Sl <£n> #*). 

[$^* 19] 

#71 ^^2) ^7} ^ ^ #71 ^- tflSfl ^AHl o]7>Sl^ ^.^ 

SL3. ti>^l 4i7> ^afl^^^ *J*|1 o^p} #*1. 

20] 

^71 ^q-ofl <y7>5l^ #7l Cf^Sl ^ofl cfl^fl ^^^jO £ o] 7 ). 

3^8: ^JiLS. <5>^r «V£^11 d^7> ^afl^^o] £^ <^nf . 
21] 

^1 &M^, 

#71 t}^ Jf ^ z|z]-^ ^ ^<y-o. ^HTfl ^ <#o. ^ ox 

[^^^ 22] 
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#7] ^ ^1^1 (mesh) Ej-^o] ^jo. s^io S ^ ^ -gsfcafl^ 

3 ^*fi #*1. 

23] 
*fl 16%H1 

#7l ^ #^>8r ^ ^Hfls ^£)<H <>1-?-^ 3# ^^SLsL ^ 

31 ^wfl^i^^ *l*fl <d^> #*1. 

24] 

^•71 ^-^9] ^<a-^7># ^^^>7l #7l ^^-oll o]^tb #7l *Hs| ^ ^- 

^i^FI <&v\ #*1 . 
[*<^# 25] 

#71 431^i^ #71 -*f ^^-4 #71 A\o]o\] Jrs^ ^| ^-71 

^oj-fil ol7>-l- ^7]*Rr 3}-§- ^10 S ^ tiV^^l ^7} ^-^tifl^f,^ ?m <£ v } ^1. 

26] 

*ll 24iMl 91°]*], 
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